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© A process for the production of isoparaff ins. 



© A process for the production of isoparaffins having 4 to 7 carbon atoms per molecule from synthesis gas 
comprising the following steps: 

a) Synthesis of a heavy paraffins-containing hydrocarbon mixture over a Fischer-Tropsch catalyst; 

b) Conversion of at least part of the heavy paraffins-containing hydrocarbon mixture over a bi-functional 
isomerization/hydrocracking catalyst under isomerization/hydrocracking conditions; 

c) Separation of normal paraffins from at least part of the isoparaff ins-containing product of step (b); 

d) Recycling at least part of the normal paraffins to step (b) and withdrawing C4-C7 isoparaffins as a product 
from the process. 
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mo.^e'ZZSgi 3 Pr0C6SS ** *~ * haVin9 4 to 7 carbon *°™ *~ 

FhJLrVS^'!! o PreP f e h6aVy P araffins - containi "9 hydrocarbon mixtures by means of the 

orn^'Z T V : ReCent ' y ' il h3S been f ° und adv antageous to subject the hydrocarbons so- 
Thus un tint" ,s ° mer,2at ' on/h y d ^racking treatment to yield hydrocarbon components valuable as fuels 

^1111^ °w 2 '° 77 ' 289 diSC ' OSeS 3 PrOC6SS C ° mpriSin 9 COfM 9 a mi-ur. of carbon 
monox.de and hydrogen, also known as synthesis gas, with a catalyst active in the Fischer Tropsch 

midd.riSf t T? : Cra f n9 ^ reSU,tin9 ParaffiniC h ^ocmto m in the presence of hydrogen^yiS 
middle distillate fuels. A similar process scheme is disclosed in European patent No. 0 147 873 

arf > iZTJ" te T in9 °f SS ° f hydrocarbons ' findi "9 Particular use as components in gasoline blending 

tZ^lZ T 9 T 4 l ° 7 Carb0 " at ° mS - Su ^ isi "9ly, a process has been found T^ng 
.soparaffins in this class to be prepared from synthesis gas in high yields mowing 

to 7^ d „ m fl tl y ' T T'f nti0n PrOVid6S 3 Pr ° CeSS f0r the Potion of isoparaffins having from 4 
to 7 carbon atoms per molecule from synthesis gas, which process comprises the following steps: 
a Synthesis of a heavy paraffins-containing hydrocarbon mixture over a Fischer-Tropsch catalyst- 

itnS nVe K ,0 l 0 l at lea ! 1 ^ ° f tHe h6aVy P araffi ^-containing hydrocarbon mixture over a bi-functional 
isomenzation/hydrocracking catalyst under isomerization/hydrocracking conditions- 

d S °! ?°T P r? n ! fr ° m 3t ' eaSt Part ° f thS '^Pa^ffins-containing pmduct of step (b); 

« S thl p^esf ° f ^ n ° rmal ParaffinS t0 St6P ^ ^ WithdraWi " 9 ^™ - a 

prefe^c^^ USUa " y C ° ntain ° ne ° r m ° re meta,s of *• j ™ group, 

preferably cobalt, together with one or more promoters and a carrier material 

subi^mJ^^p 0 * ** inVemi ° n jt iS Pfeferred t0 USe in ,he ,irst ste P the coba,t ca talysts which form the 
25 cobi and 0 °on or"" P /f " app,ica « on P ubli ^tion No. 0 127 220. These catalysts contain 3-60 pbw 
25 cobalt and 0.1-100 pbw of at least one other metal chosen from the group formed by zirconium titanium 

rhenium, ruthenium and chromium per 100 pbw silica, alumina or silica alumina and/or titan!? 

satisfy ^ rettion! 8 advanta9eous, y PW* * heading and/or impregnation. They preferab.y 

30 (3 + 4R)> ^> (0.3+0.4R), 
wherein 
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L is the total quantity of cobalt present on the catalyst, expressed as mg Co/ml catalyst 
S is the surface area of the catalyst, expressed as m 2 /ml catalyst and 

of co^rpTesTnTon T^Z^ " °" - " **** * kn8adi " 9 * «- ^ 

nr^Kr 6 ^ 3 !! 0 " ° f the C ° balt CatalystS which are used in the first «eP °f ^ process of the invention is 
preferably earned out according to one of the three procedures mentioned hereinafter- 

hJSJh ,S deposited in one or more ste PS by impregnation and subsequently the other metal is 
deposited in one or more steps, also by impregnation, 

5inn2.!!f ° ther meta ' ' S deposited in one or mor e steps by impregnation and subsequently the cobalt is 
deposited in one or more steps, also by impregnation, and 

Hinn!L C H° ba,t " deposited in one or more steps by kneading and subsequently the other metal is 
deposited in one or more steps by impregnation. 

« Jn Pr °,? e 1 SS accordin 9 t0 the invention Preference is given to the use of cobalt catalysts containino 
itZT^T* ^ 100 PbW Carrier The Pr6ferred quantity of other metal present in SZ££Z££ 

ZTZSS "V thiS meta ' haS ^ deP ° Sited - ' n the case of cata 'ysts where first cob* tes 
been deposited on the earner, followed by the other metal, preference is given to catalysts containing , 0 15 

on the cL"" P r Carrien the C3Se ° f Cata,ySts where ** »• o^r metalVas bee^ deposited 

Z£ rl : K ° Wed by the COba,t ' P reference is given to catalysts containing 5-40 pbw of to o£S 
;l^ |n 100 H pb : Carrier - PreferenCe iS 9iVSn to zirconium as the °ther m «tal a nd to S i,ica as ^ie 
material. In order to be suitable for use the cobalt catalysts should first be reduced. This reductL mTv 

hvdr 0 ?en ? med ° Ut ^ C ° ntaCtin9 the C3ta,ySt 31 3 temperature between 200 and 35 0 " Twith a 
hydrogen-containing gas. a 

In the process of the invention the first step is preferably carried out at a temperature of 125-350 'C 
IkICO mixtures »hWl are eligible to be used for foe preparation of isoparadins according to the 
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invention can very suitably be obtained, starting from a heavy carbonaceous material such as coal, or 
starting from light hydrocarbons such as natural gas, by steam reforming or partial oxidation or a 
combination of these processes. Since the H2/CO consumption ratio of the preferred cobalt catalysts is 
about 2, in the process according to the invention, in those cases where the highest possible CO conversion 
5 is aimed at, it is preferred to use H 2 /CO mixtures having a H 2 /CO molar ratio higher than 2. Very suitable 
for carrying out the first step of the present process is a feed which can be obtained in the steam reforming 
of natural gas, which yields H 2 /CO mixtures having a H 2 /CO molar ratio of about 3, as is well-known. If the 
feed for the first step of the process of the invention available is a H 2 /CO mixture having a H2/CO molar 
ratio of 2 or less, then the H 2 /CO molar ratio of said feed can be increased preparatory to contacting the 

10 feed with the cobalt catalysts. Such an increase of the H 2 /CO molar ratio may be brought about by, inter 
alia, addition of hydrogen, removal of carbon monoxide, mixing with a hydrogen-rich H 2 /CO mixture or by 
subjecting the low-hydrogen feed to the CO-shift reaction. Optionally the CO-shift reaction can be carried 
out in situ by addition in the first step of the process of a physical mixture of a CO-shift catalyst and the 
cobalt catalyst. It is also possible to subject low-hydrogen synthesis gases to the process according to the 

75 invention without raising their H 2 /CO molar ratios. Unconverted hydrogen and carbon monoxide remaining in 
the effluent of the first step may be recirculated to once again contact the catalyst. In this way, the gas 
contacting the catalyst may have a H 2 /CO ratio substantially lower than that of the feed gas. 

The first step of the present process is followed by a second step in which at least part of the heavy 
paraffins-containing hydrocarbon mixture produced in the first step is hydrocracked and isomerized. In the 

20 second step a catalyst is used which preferably contains a catalytically active metal component. This metal 
component can be deposited on any acid carrier having cracking and isomerization activity, for example a 
chlorided alumina or zeolitic carrier. A zeolitic carrier is preferred. 

The catalyst used in the second step of the process according to the invention may contain as 
catalytically active metal components one or more metals selected from Groups VIB. VIIB and/or VIII of the 

25 Periodic System. Examples of such metals are molybdenum, tungsten, rhenium, the metals of the iron 
group and the metals of the platinum and palladium groups. Catalysts with a noble metal as catalytically 
active metal component generally contain 0.05-5 parts by weight and preferably 0.1-2 parts by weight of 
metal per 100 parts by weight of carrier material. Very suitable noble metals are palladium and platinum. 
Catalysts with a non-noble metal or a combination of non-noble metals as catalytically active metal 

30 component generally contain 0.1-35 parts by weight of metal or combination of metals per 100 parts by 
weight of carrier material. Very suitable hydrocracking catalysts contain a combination of 0.5-20 parts by 
weight and in particular 1-10 parts by weight of a non-noble metal of Group VIII and 1-30 parts by weight 
and in particular 2-20 parts by weight of a metal of Group VIB and/or VIIB per 100 parts by weight of carrier 
material. Particularly suitable metal combinations are combinations of nickel and/or cobalt with tungsten 

35 and/or molybdenum and/or rhenium. Likewise very suitable as hydrocracking catalysts are catalysts which 
contain 0.1-35 parts by weight and in particular 1-15 parts by weight of nickel per 100 parts by weight of 
carrier material. 

If the present hydrocracking catalysts contain a non-noble metal or combination of non-noble metals as 
catalytically active metal component, they are preferably used in their sulphidic form. The conversion of the 

40 hydrocracking catalysts to their sulphidic form can very suitably be carried out by contacting the catalysts 
at a temperature below 500 ° C with a mixture of hydrogen and hydrogen sulphide in a volume ratio of 5:1 
to 15:1. The conversion of the catalysts into the sulphidic form may also be carried out by adding to the 
feed, under reaction conditions, sulphur compounds in a quantity of from 10 ppmw to 5% by weight and in 
particular in a quantity of from 100 ppmw to 2.5% by weight. 

45 The isomerization/hydrocracking step (b) of the present process is preferably carried out using a 
catalyst comprising a zeolite having a pore diameter in the range from 0.5 to 1.0 urn. The silica:alumina 
ratio of the zeolite is preferably in the range from 5 to 200. 

Very suitable zeolites for this purpose are zeolite Y, mordenite, zeolite /9 and ZSM-20. 

Both the natural and the synthetic zeolites often contain a certain quantity of alkali-metal ions. In order 

50 to make the zeolites more suitable for use as carrier material for catalysts in hydrocarbon-conversion 
processes, it is preferred to replace at least part of the alkali-metal ions present therein by other cations, in 
particular by hydrogen ions and/or ammonium ions and/or ions of the rare-earth metals. For use as carrier 
for catalysts in the hydrocarbon conversion process of step (b), the preference is for zeolites with an alkali- 
metal content of less than 1% by weight, in particular of less than 0.1% by weight. 

55 The metals can be applied to the zeolite in any conventional manner such as by impregnation, 
percolation or ion exchange. After the catalytically active metal components have been applied to the 
carrier, the catalyst is usually dried and subsequently calcined. Hydroconversion catalysts are usually 
employed in the form of particles with a diameter of 0.5-5 mm. However, zeolites suitable for use as carrier 

3 

XDCID: <EP 0512635A2_L> 



EP 0 512 635 A2 



15 



20 



25 



45 



50 



55 



shlS' ^^TtZZTZXT? are often avai,ab,e as a fine powder - The 2eolites b * 

preferab. carS outage r^cJSSSTi f T' COmpression and fusion. Shaping is 
calcination during which thi ZtZZ ^L^ .T C0mpOnents have bee " ^ed, but before the 
may, if desired, be c^bVn* an^no^ mlT° ST*™*" oxides - during shaping the zeoiite 
are natural clays and s7nSc nortini S p 7 EXamP ' eS ° f SUitab,e matrices or 

and the matrix or binder shoud SCSoSSJr'T "V?*" * *" Shaped partides the 
form such as pearls. 3^^^^ "tef^ P " - ~ ^ ^ "* — 

preference use is made* a matrix o" bTnder that do J T ? ' ° f m3triX ° r binder and bv 
content is very low. If desired mil^ o T*™ ^ meta ' S ° r whose alkali 

hydroconversion catalysts S'J^J^^^ 7" " Z*™ ^ *" "» ^ 

Suitable conditions for the WwrZmrtLZlJ^ r 1 IT COmb,nation with a ™*ix or binder, 
mixture according to the seconc , ^ P*«* ins ™™™9 hydrocarbon 
•C-450 -C. a pressure of TSt bT J fho^. ?° 9 *° * e inV9nti ° n are a te "P*rature of 250 

catalyst per ho'ur ^V^^ ~ * of 

.somer.zation/hydrocracking step (b) at a temperature of 250 , Preferred to carry out the 

addi^rS^tep™ VZSL to an 

and 100 • C, and a pJlSXJS 50 ST " "* ^ at 3 betWee " " 20 

inven^f**^ Step < b > - *. process according to the 

the. .fraction is ad ~ S ^^^ 

30 bons are not retained in any su bs ^ Wh6reaS br3nched h V d ™ a " 

stream. This selectivity is dependent to aTame extent on^T T* "* ° ff 35 3 product 

diameters are preferably in the range from C 3 0 8 1 Jh ^ f ^T*"* ° f the m ° ,eCU,ar sieve ' which 
hydrocarbon separation step «i^^l£I2^S ,T ,r ° m 0M nm ' Suitab| V »e 

to permit entry of normal hydrccTrbons f contS 2v t * h3Vm9 3 P ° re Size which is sufficie ™ 

mono-methy.Ianched, ^^^^^ ** * ^ ^ ° f «** 

zeolSTvrSs wS rmSse e t:lT a d ° ffretite ^ 38 m0,eCU - Sieve ' a " d P^rab,y 
materia, such as alumina ' ^JSSLS^ h 3dditi ° n COmprise a binde ' 

said part.es may also be ^^^ZSZ^^^J* — 

' C 2 JS~ X^tSKr^-^ " ^ 3 * - ~ 1 - to 300 

thereTmX^^ molecular sieve in step ( c, can be desorbed 

hydrocarbons are desorbed by pass! a hl^enln J * °* Prefer3b,y - h StSp (C) 3dsorbed normal 
g-J at .east part of the h/dr^d S= S ^^ 

the^TlXC-g Z ran 7°'^ ^ ™ be de - bed 

the separatory molecula? sieve Afte^ SsoS^. of T c eff ' u f n * and P assin 9 a hydrogen-containing gas over 
stream of hydrogen-conSng gas ifSltL STT" r^"' ° f 3dS ° rbed "V^^arbons, the 
isomerization step is contacted again with me 21 ?t ° f hydrocarbon *rom the 

continuous stream containing no'rmal Tyd^aZt I Z^T " ° Ut the pr0CeSS such tbat a 
hydrogen-containing gas whteh Z be u£?Z? Li e * * usin 9 several vessels. The 
completed pure andmay conlin a cen^o JTl^ * W™**™- ^ed not be 

preferably not more than 20 mol %^fTheTrZ h components, suitably up to 40 mol % and 
provided that these compounds are sLbstanS v in^ T ^ ** hydrocarbons - reformer off-gas, 
sieve applied. The hydro^con Jn^ fS^f ? ,1? W r6SPeCt ' 0 the fe6d and the ^Paratory molecular 
between^OO and ^^T^Z!^^ Zts™ *" ^ * 3 temP — ° f 
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The invention also relates to isoparaffins having 4 to 7 carbon atoms per molecule and obtained in a 
process as described hereinbefore. The process according to the present invention can be carried out in a 
number of alternative ways, and some preferred process schemes according to the present invention will be 
elucidated more fully hereinafter, with reference to the accompanying figures, to which the invention is by 

5 no means restricted. The processes depicted in the figures are carried out with the help of an 
isomerization/hydrocracking reactor (10), a product separator (20), a fractionator (30), a recycle gas 
compressor (40) and three iso/normal paraffins separators (501), (502) and (503). 

In the process schematically shown in figure 1 gasoline-range isoparaffins are produced by converting 
the effluent from a Fischer-Tropsch hydrocarbon synthesis step (not shown). To this end the Fischer- 

io Tropsch effluent is introduced into the process via a line (1). It is combined with a Cg + recycle stream 
obtained via a line (2) from the fractionator (30), and with a normal paraffins and hydrogen-containing 
recycle stream obtained via a line (3) from the separator (501). The combined streams (1), (2) and (3) are 
introduced via a line (4) into the isomerization/hydrocracking reactor (10) wherein higher boiling normal 
paraffins are at least in part hydrocracked and lower boiling normal paraffins are at least in part isomerized 

75 in the presence of hydrogen. 

The effluent from the reactor (10) is passed via a line (5) to the product separator (20) where it is 
separated into a hydrogen-rich gaseous stream which is withdrawn via a line (6), and a hydrocarbons- 
containing liquid stream which is passed through a line (7) to the fractionator (30) where it is separated into 
a light hydrocarbons (predominantly C 3 -) stream which is withdrawn from the fractionator (30) via a line (8), 

20 a C4-C7 iso/normal paraffins-containing stream which is transferred via a line (9), a line (91) and a line (92) 
to the iso/normal paraffins separators (502) and (503), and a Cs + hydrocarbons-containing recycle stream 
which is recycled to the reactor (1 0) via the lines (2) and (4). The hydrogen-containing stream which passes 
through the line (6) is divided. One part is passed through a line (11) to be combined with the light 
hydrocarbons-containing gaseous stream in the line (8) and withdrawn from the system via a line (12). 

25 The remaining part of the stream from the line (6) is passed via a line (13). to the recycle gas 
compressor (40) and a line (14) to the iso/normal paraffins separator (501). Via a line (15) make-up 
hydrogen is supplied to the line (14). 

In the iso/normal paraffins separators (501), (502) and (503) the iso- and normal C4-C7 paraffins- 
containing mixture is separated into a C5-C7 isoparaffins- plus i- and n-Ci paraffins-containing stream and a 

30 C5-C7 normal paraffins-containing stream. To this end the mixture is passed over two separators, normal 
C5-C7 paraffins being adsorbed on special zeolite beds and isoparaffins plus normal C4 paraffins passing 
through these beds. 

At the same time normal paraffins are desorbed from one or more zeolite beds contained in a third 
separator by passing a hydrogen-containing gas over the zeolite beds. Intermittently the separators are 
35 used for adsorption and desorption. In this way normal C5-C7 paraffins are desorbed from the content of 
separator (501) by passing the hydrogen-containing gas supplied via the line (14) thereover. The normal C5- 
C7 paraffins and hydrogen-containing mixture is withdrawn from the separator (501) and recycled via the 
lines (3) and (4) to the isomerization/hydrocracking reactor (10). 

C4-C7 isoparaffins and normal C* paraffins not being adsorbed by the zeolite beds in separators (502) 
40 and (503) pass through these separators and are withdrawn as a product from the system via a line (16), a 
line (17) and a line (18) respectively. 

This C4-C7 isoparaffins and C* normal paraffins mixture is preferably separated into normal butane and 
iso-butane and a C5-C7 isoparaffins mixture. The latter is an excellent motor gasoline blending component 
having a high octane number and a desired volatility. The iso-butane can be used for the production of C7 
45 and Cs isoparaffins by alkylation, and of methyl tertiary butyl ether and tertiary butyl alcohol. These 
products are also excellent motor gasoline blending components. N-butane can also be blended into the 
gasoline up to the limits set by vapour pressure specifications. 

In figure 2 a process is schematically shown for the production of a C4-C7 isoparaffins-containing 
gasoline blending component, a C3 and C4 olefins-containing chemical feedstock, a kerosine fraction and a 
50 gas oil fraction. 

To this end the effluent from a Fischer-Tropsch hydrocarbon synthesis step i.e. a heavy paraffins- 
containing hydrocarbon mixture is introduced into the process via a line (1) and passed to a high 
temperature separator (19) operating at a temperature in the range from 200 to 350 *C and a pressure in 
the range from 20 to 40 bar. In this separator (19) the Fischer-Tropsch effluent is separated into a gaseous 
55 stream containing hydrogen and light (e.g. C10-) hydrocarbons and a heavy liquid fraction boiling above 150 
"C and containing C10+ hydrocarbons. The gaseous stream is cooled and partially condensed in a cooler 
(not shown) and passed through a line (21) to a low temperature separator (22) wherein it is separated into 
gas containing hydrogen and mainly C1 -C4 hydrocarbons, a liquid aqueous stream which is withdrawn from 

5 
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. *J5555SS5 .rr «r„r s ' n9 p " sffins is P8SMd ,h,OU8h ■ '*» < 25 > - • - « to an 

contain c*„ . parafsi K " Cte ""*"" MS!ed " a * < 2 > "°"> •» fnactianafor (30) and 

range from 20 to 50 barTrefe^.y a SXtTlTd H ^ 250 * 400 ' C a " d preSSure in tha 
0.2-1% by weight, of one or more nobl ?£3£ of Z C ° ntamS 0 " 1 ^ % by Wei 9 ht ' and in Particular 

.5 catalysts containing platinum ^2LTIi3L^ P , p T""' ^ 3 CWtor - Pr9f8rence is 9 ive " *» 
cata.ysts are amorphous oxides of he elements 5 r ! * SUitabte Cani * rS f ° r the nob,e ™* a ' 

and zirconia and L mixtures rttS^SS? slh TsiHe ^ 38 Si ' iCa ' * ra, ~- ma 9" esia 

Preferred carriers for the nobie ^^^^^ S "' Ca - a ^ a «- si.ica-zirconi, 

. (*> " 3 < 31 > to a P^-t separator 

liquid hydrocarbon stream froJ VVfiZ £ V' JZ ^^'^rocracking reactor (10) in which the 
containing gas which has been obtled 4 L ine (3) f mm an ? "^racked using hydrogen- 

ln the se D arator »m th« Z ^ I ( ' an lso/normal Paraffin separator (501) 

fighar SiZSSS^S^SZS! """"" '* ' ^ - • 

containing ligM nag™, C ?" Cl h '*~ a *«'a. , .quid CC, 

stfeam (boiling in ft» range ta„ <b " tal » " ran9e frOT 15 » » 2 »° * c f and a gas oil 

consiat mainly of paraffins they are of ZS^SZS- "•«*»»• ^aose fbaaa pradunta 

The light naphtha stream is passed via a line (Q\ a lin* /cm\ •■ 
separators (502) and (503) ^ anto^ns (C c » ° .k . ( > t0 thG iso/normal Puffins 
therefrom which is an excellent l^SSbSZ, "^^Jane-containing stream is separated 
(16), (17) and (18), while normafX t ^ t 9 ,?? . ' ' S W ' thdraWn ,r ° m via th ° ""es 

separators (502) and (503) P '" S ^ bem9 adSOrbed ° n the 2eo,ite ***** contained in the 

^^js^s^^t^ ?rn ed ; rom the ; eo,ite beds as is - -° 

In the scheme shown in Fig. 2 hydrooen contl^ " ara ' or < 501 > ,na ^mer adsorption cycle (not shown), 
adsorber (501) thereby deJrbL ^™m^Z%l Tl the ,ineS (14) and < 15 > and 

which norma, paraffins'are recycled ^Z^^^ TT? ^ adS ° rt>er (501) 

In figure 3 a process is srhAmati^n K . ( } ,S0mer,2at,0,1/h ydrocracking reactor (10) 

gasoline component ^^^1^" V Pr ° dUCti ° n ° f high octane ^ '»P««n 
hydrocarbon product. ? he lattlr 7s introduced into Z°2^? ^ ^ 3 ^ Sy " thetic 
paraffins (C20 + ^containing recvcte ^J2T2»2? h P I V ' 3 3 ' me (1) and combined with a heavy 
combined streams J^JSELTTL^ a fractionator (31) through a line (26). The 

hydrocarbon-containing gas suppSS Va 7nl T T * 3nd " 9ht (main| y C '- c 3> 

heavy paraffins hydro'aLng reactor S) StrSamS ^ ^ V ' 3 3 ' ine (29) t0 a 

desc-tT sasa^tss: r ar cata,yst and — - 

sepa^raCr aS 0 ^^^^5 S^, ~ ~ W ^ » iS 
hydrocarbons-containing .iguid stream coLinin^ 3 hi9h6r b ° Min 9 

through a line (61), a recycle gas comoressor mi\ \™* ZTT ,™ upward - Tne 9 as ,s m part recycled 
hydrogen being supplied via a ^ne ^T^rili J T (28) 3nd (29) t0 the reactor f 60 )- ™«e-up 
bleed stream vTa a Mne ^2) 9 P ° f 938 ' S Withdrawn from the ***** as a 
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The liquid stream is passed via a line (11) to the fractionator (31) by means of which it is separated into 
a paraffinic naphtha (C* to C10), a kerosine (boiling in the range from 150 to 250 *C and having a smoke 
point of at least 40 mm), a gas oil (boiling in the range from 250 to 370 * C and having a cetane number of 
at least 60) and a heavy paraffins-containing bottom product (boiling above 370 * C). The kerosine and the 
5 gas oil are withdrawn from the process as final products via a line (32) and a line (33) respectively. The 
bottom product is recycled to the reactor (60) via the lines (26), (27) and (29). 

The paraffinic naphtha is passed via a line (34) to a line (4) wherein it is combined with a hydrogen and 
normal paraffins-containing recycle stream supplied via a line (2). The combined streams (34) and (2) are 
introduced via the line (4) into the isomerization/hydrocracking reactor (10) wherein higher boiling normal 
w paraffins are at least in part catalytically hydrocracked and lower boiling normal paraffins are at least in part 
catalytically isomerized in the presence of hydrogen. 

The effluent from reactor (10) is passed via a line (5) to product separator (20) where it is separated into 
a hydrogen and light hydrocarbons (mainly Ci -C3)-containing gaseous stream and a higher boiling 
hydrocarbons (C4-Cio)-containing liquid stream. The gaseous stream is withdrawn via a line (6). It is partly 
75 removed from the system via a line (12) and partly recycled to an iso/normal paraffins separator via a line 
(13), the recycle gas compressor (40) and a line (14). 

The liquid stream is passed through a line (7) to the fractionator (30) wherein it is separated into a light 
hydrocarbons (mainly C3)-containing gas stream, a C4-C7 iso/normal paraffins-containing liquid stream and 
a Cs + hydrocarbons-containing liquid stream. The gas stream is withdrawn from the system via a line (8) 
20 and a line (12). 

The Cs + hydrocarbons-containing liquid stream is recycled via a line (2), wherein it is combined with a 
normal C5-C7 paraffins-containing stream from a line (3), and the line (4) to the isomerization/hydrocracking 
reactor (10). 

The C4-C7 iso/normal paraffins-containing liquid stream is passed via lines (9), (91) and (92) to 
25 iso/normal paraffins separators (502) and (503). 

In these separators normal C5-C7 paraffins are adsorbed on zeolite beds, while C4-C7 isoparaffins and 
C4 normal paraffins pass through these beds and are withdrawn from the system as final products via lines 
(16), (17) and (18). At the same time normal C5-C7 paraffins are desorbed from one or more zeolite beds 
contained in an iso/normal paraffins separator (501) to which they had been adsorbed during a former 
30 process cycle (not shown). The desorption is effected by passing the light hydrocarbons and hydrogen- 
containing stream in line (14) over the zeolite bed(s). Fresh make-up hydrogen is introduced to the system 
via a line (15). 

A gaseous mixture of hydrogen, light hydrocarbons and desorbed C5-C7 normal paraffins is recycled 
via a line (3) and the lines (2) and (4) to the isomerization/hydrocracking reactor (10). 
35 The invention will now be further elucidated by means of the following Example, in which is illustrated a 
typical process configuration. 

EXAMPLE 

40 In a process as shown in figure 1, 100 t/d of a hydrocarbon product from a Fischer-Tropsch synthesis 
plant (not shown) are introduced via the line (1) together with 80 t/d of a recycle stream (2), mainly 
consisting of Cs + paraffins and a gas comprising 15 t/d hydrogen and 25 t/d recycled normal C4-C7 
paraffin supplied via the line (3), via the line (4) to the isomerization/hydrocracking reactor (10). 

The Fischer-Tropsch product is obtained from synthesis gas having a H 2 /CO ratio of 2/1 using a 

45 catalyst consisting of 30 pbw Co, 12 pbw Zr deposited on 100 pbw SiCfe by impregnation. The conditions 
during the hydrocarbon synthesis are: 



Temperature 


220 °C 


Pressure 


30 bar 


Space velocity 


600 nm 3 /nm 3 /hr. 



The Fischer-Tropsch product consists mainly of paraffins boiling in the range from 20 to 500 * C and for 
80% by weight of heavy paraffins boiling in the range from 150 to 500 * C. 
55 In the isomerization/hydrocracking reactor (10) the Fischer-Tropsch effluent is converted to a lower 
boiling iso/normal paraffins-containing mixture. In the reactor (10) a catalyst is used consisting of 0.4 pbw Pt 
deposited on 100 pbw zeolite Y being in the hydrogen form and having a Na content of 0.05% by weight. 
The reaction conditions are: 
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Temperature 
Pressure 

Partial hydrogen pressure 
Space velocity 



300 °C 
20 bar 
15 bar 
1 kg/kg/hr. 



70 



15 



20 



* conden~ -P— (20) in a hydr o g en- r ich gas and 203 

containing bleed stream S t ITTVl T^V^ "* 13 " ° f * "' 9ht ^drocarbons- 
heavy paraffins-containing recycle ^ stream (9) and 80 t/d of a 

To the hydrogen and light hydrocarbons-containina na* p c t/H k ,. 
via the line (15) and the resultino oas ml^JTT 9 J Sh hydro 9 en make-up gas is added 

This mixture consists of: 



25 



30 



35 




23% by weight 
40% by weight 
29% by weight 
8% by weight. 



40 



50 



55 



MOlJS ' SOPa,a " inS " * ™ , °' 9asMn * 6te "*» """P""* "»»»,„ a ronw 86 and a 

Claims 

3. A process as claimed in claim 2, in which the catalyst satisfies the relation: 
(3 + 4R)> \ > (0.3 + 0.4R), 
wherein 

s It !h! t0t S QUantity ° f COba,, Present on the cata,vst - expressed as mg Co/ml catalyst 
S ,s the surface area of the catalyst, expressed as m*/ml catalyst, and * 

• RON = Octane number determined by the research method. 
•• MON = octane number determined by the motor method. 
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R is the weight ratio of the quantity of cobalt deposited on the catalyst by kneading to the total quantity 
of cobalt present on the catalyst. 

4. A process as claimed in any one of claims 1 to 3, in which step (a) is carried out at a temperature of 
5 125-350 °C and a pressure of 5-100 bar. 

5. A process as claimed in any one of claims 1 to 5, in which in step (b) a catalyst is used comprising a 
catalytically active metal component and a zeolite, the catalytically active metal component preferably 
comprising at least one metal of Groups VIB, VIIB and VIII of the Periodic System, more preferably at 

w least one metal from the group consisting of Mo, W, Re, Fe, Ni, Co, Ru, Rh, Pd, Os, Ir and Pt. 

6. A process as claimed in claim 5, in which the zeolite Has a pore diameter in the range of 0.5 to 1.0 nm. 

7. A process as claimed in either of claims 5 or 6, in which the zeolite has a silica:alumina ratio in the 
is range of 5 to 200. 

8. A process as claimed in any one of claims 5 to 7, in which the zeolite is zeolite Y, zeolite £, mordenite, 
or ZSM-20. 

20 9. A process as claimed in any one of claims 1 to 8, in which step (b) is carried out at a temperature of 
250-450 * C, a pressure of 5-50 bar, an hourly space velocity of 0.2-20 kg of hydrocarbon feed per kg 
of catalyst per hour and a hydrogen/hydrocarbon feed molar ratio of 1 -50. 

10. A process as claimed in any one of claims 1 to 9, in which step (c) is carried out by contacting at least 
25 part of the effluent of step (b) with a separatory molecular sieve capable of adsorbing normal 

hydrocarbons, whereby a product stream containing branched hydrocarbons is separated off. 

11. A process as claimed in claim 10, in which the separatory molecular sieve has a pore diameter in the 
range from 0.3 to 0.8 nm, preferably from 0.4 to 0.6 nm. 

30 

12. A process as claimed in any one of claims 1 to 11, in which at least part of the heavy paraffins- 
containing hydrocarbon mixture is hydrocracked in a hydrocracking reactor, the effluent of the 
hydrocracking reactor is separated into a hydrogen-containing gas which is at least in part recycled to 
the hydrocracking reactor, a naphtha fraction which is at least in part passed to the step (b), a kerosine 

35 fraction and a gas oil fraction which are withdrawn as products from the process, and a heavy fraction 
which is at least in part recycled to the hydrocracking step. 

1a A process as claimed in claim 12, in which the heavy paraffins-containing hydrocarbon mixture is 
separated into a heavy fraction boiling above 150 °C and a light fraction containing C10 -hydrocarbons, 
40 the heavy fraction is passed to the hydrocracking step and the light fraction is passed to the step (b). 

14. A process as claimed in claim 13, in which the effluents of the hydrocracking step and of the step (b) 
are combined and the combined effluents are separated into a hydrogen-containing gas which is at 
least in part recycled to the hydrocracking step and/or to the step (b). a naphtha fraction which is at 

45 least in part passed to the step (b), a kerosine fraction and a gas oil fraction which are withdrawn as 
products from the process, and a heavy fraction which is at least in part recycled to the hydrocracking 
step. 

15. Hydrocarbon mixtures whenever produced by means of a process as claimed in any one of claims 1 to 
50 14. 



55 
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© A process for the production of isoparaffins. 

© A process for the production of isoparaffins hav- 
ing 4 to 7 carbon atoms per molecule from synthesis 
gas comprising the following steps: 

a) Synthesis of a heavy paraffins-containing hy- 
drocarbon mixture over a Fischer-Tropsch cata- 
lyst; 

b) Conversion of at least part of the heavy paraf- 
fins-containing hydrocarbon mixture over a bi- 



functional isomerization/hydrocracking catalyst 
under isomerization/hydrocracking conditions: 

c) Separation of normal paraffins from at least 
part of the isoparaffins-containing product of step 
(b); 

d) Recycling at least part of the normal paraffins 
to step (b) and withdrawing C4-C7 isoparaffins as 
a product from the process. 
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